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6.2.1 Digital inclinometer. This refers to a
digital device capable of measuring and dis-
playing the rotational position of the probe
to within ±1°. The device shall be able to be
locked into position on the probe sheath or
probe extension, so that it indicates the
probe’s rotational position throughout the
test. A rotational position collar block that
can be attached to the probe sheath (similar
to the collar shown in Figure 2G–4) may be
required to lock the digital inclinometer
into position on the probe sheath.

6.2.2 Protractor wheel and pointer assem-
bly. This apparatus, similar to that shown in
Figure 2G–5, consists of the following compo-
nents.

6.2.2.1 A protractor wheel that can be at-
tached to a port opening and set in a fixed
rotational position to indicate the yaw angle
position of the probe’s scribe line relative to
the longitudinal axis of the stack or duct.
The protractor wheel must have a measure-
ment ring on its face that is no less than 17.8
cm (7 in.) in diameter, shall be able to be ro-
tated to any angle and then locked into posi-
tion on the stack or duct test port, and shall
indicate angles to a resolution of 1°.

6.2.2.2 A pointer assembly that includes
an indicator needle mounted on a collar that
can slide over the probe sheath and be locked
into a fixed rotational position on the probe
sheath. The pointer needle shall be of suffi-
cient length, rigidity, and sharpness to allow
the tester to determine the probe’s angular
position to within 1° from the markings on
the protractor wheel. Corresponding to the
position of the pointer, the collar must have
a scribe line to be used in aligning the point-
er with the scribe line on the probe sheath.

6.2.3 Other yaw angle-measuring devices.
Other angle-measuring devices with a manu-
facturer’s specified precision of 1° or better
may be used, if approved by the Adminis-
trator.

6.3 Probe Supports and Stabilization De-
vices. When probes are used for determining
flow angles, the probe head should be kept in
a stable horizontal position. For probes
longer than 3.0 m (10 ft.), the section of the
probe that extends outside the test port shall
be secured. Three alternative devices are
suggested for maintaining the horizontal po-
sition and stability of the probe shaft during
flow angle determinations and velocity pres-
sure measurements: (1) monorails installed
above each port, (2) probe stands on which
the probe shaft may be rested, or (3) bushing
sleeves of sufficient length secured to the
test ports to maintain probes in a horizontal
position. Comparable provisions shall be
made to ensure that automated systems
maintain the horizontal position of the probe
in the stack or duct. The physical character-
istics of each test platform may dictate the
most suitable type of stabilization device.
Thus, the choice of a specific stabilization
device is left to the judgement of the testers.

6.4 Differential Pressure Gauges. The ve-
locity pressure (>P) measuring devices used
during wind tunnel calibrations and field
testing shall be either electronic
manometers (e.g., pressure transducers),
fluid manometers, or mechanical pressure
gauges (e.g., Magnehelic∆ gauges). Use of
electronic manometers is recommended.
Under low velocity conditions, use of elec-
tronic manometers may be necessary to ob-
tain acceptable measurements.

6.4.1 Differential pressure-measuring de-
vice. This refers to a device capable of meas-
uring pressure differentials and having a
readability of ±1 percent of full scale. The de-
vice shall be capable of accurately meas-
uring the maximum expected pressure dif-
ferential. Such devices are used to determine
the following pressure measurements: veloc-
ity pressure, static pressure, and yaw-null
pressure. For an inclined-vertical manom-
eter, the readability specification of ±1 per-
cent shall be met separately using the re-
spective full-scale upper limits of the in-
clined anvertical portions of the scales. To
the extent practicable, the device shall be se-
lected such that most of the pressure read-
ings are between 10 and 90 percent of the de-
vice’s full-scale measurement range (as de-
fined in section 3.4). In addition, pressure-
measuring devices should be selected such
that the zero does not drift by more than 5
percent of the average expected pressure
readings to be encountered during the field
test. This is particularly important under
low pressure conditions.

6.4.2 Gauge used for yaw nulling. The dif-
ferential pressure-measuring device chosen
for yaw nulling the probe during the wind
tunnel calibrations and field testing shall be
bi-directional, i.e., capable of reading both
positive and negative differential pressures.
If a mechanical, bi-directional pressure
gauge is chosen, it shall have a full-scale
range no greater than 2.6 cm (i.e., ¥1.3 to
+1.3 cm) [1 in. H2O (i.e., ¥0.5 in. to +0.5 in.)].

6.4.3 Devices for calibrating differential
pressure-measuring devices. A precision ma-
nometer (e.g., a U-tube, inclined, or inclined-
vertical manometer, or micromanometer) or
NIST (National Institute of Standards and
Technology) traceable pressure source shall
be used for calibrating differential pressure-
measuring devices. The device shall be main-
tained under laboratory conditions or in a
similar protected environment (e.g., a cli-
mate-controlled trailer). It shall not be used
in field tests. The precision manometer shall
have a scale gradation of 0.3 mm H2O (0.01 in.
H2O), or less, in the range of 0 to 5.1 cm H2O
(0 to 2 in. H2O) and 2.5 mm H2O (0.1 in. H2O),
or less, in the range of 5.1 to 25.4 cm H2O (2
to 10 in. H2O). The manometer shall have
manufacturer’s documentation that it meets
an accuracy specification of at least 0.5 per-
cent of full scale. The NIST-traceable pres-
sure source shall be recertified annually.
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6.4.4 Devices used for post-test calibration
check. A precision manometer meeting the
specifications in section 6.4.3, a pressure-
measuring device or pressure source with a
documented calibration traceable to NIST,
or an equivalent device approved by the Ad-
ministrator shall be used for the post-test
calibration check. The pressure-measuring
device shall have a readability equivalent to
or greater than the tested device. The pres-
sure source shall be capable of generating
pressures between 50 and 90 percent of the
range of the tested device and known to
within ±1 percent of the full scale of the test-
ed device. The pressure source shall be recer-
tified annually.

6.5 Data Display and Capture Devices.
Electronic manometers (if used) shall be cou-
pled with a data display device (such as a
digital panel meter, personal computer dis-
play, or strip chart) that allows the tester to
observe and validate the pressure measure-
ments taken during testing. They shall also
be connected to a data recorder (such as a
data logger or a personal computer with data
capture software) that has the ability to
compute and retain the appropriate average
value at each traverse point, identified by
collection time and traverse point.

6.6 Temperature Gauges. For field tests, a
thermocouple or resistance temperature de-
tector (RTD) capable of measuring tempera-
ture to within ±3°C (±5°F) of the stack or
duct temperature shall be used. The thermo-
couple shall be attached to the probe such
that the sensor tip does not touch any metal.
The position of the thermocouple relative to
the pressure port face openings shall be in
the same configuration as used for the probe
calibrations in the wind tunnel. Temperature
gauges used for wind tunnel calibrations
shall be capable of measuring temperature to
within ±0.6°C (±1°F) of the temperature of the
flowing gas stream in the wind tunnel.

6.7 Stack or Duct Static Pressure Meas-
urement. The pressure-measuring device
used with the probe shall be as specified in
section 6.4 of this method. The static tap of
a standard (Prandtl type) pitot tube or one
leg of a Type S pitot tube with the face open-
ing planes positioned parallel to the gas flow
may be used for this measurement. Also ac-
ceptable is the pressure differential reading
of P1-Pbar from a five-hole prism-shaped 3–D
probe, as specified in section 6.1.1 of Method
2F (such as the Type DA or DAT probe), with
the P1 pressure port face opening positioned
parallel to the gas flow in the same manner
as the Type S probe. However, the 3–D spher-
ical probe, as specified in section 6.1.2 of
Method 2F, is unable to provide this meas-
urement and shall not be used to take static
pressure measurements. Static pressure
measurement is further described in section
8.11.

6.8 Barometer. Same as Method 2, section
2.5.

6.9 Gas Density Determination Equip-
ment. Method 3 or 3A shall be used to deter-
mine the dry molecular weight of the stack
or duct gas. Method 4 shall be used for mois-
ture content determination and computation
of stack or duct gas wet molecular weight.
Other methods may be used, if approved by
the Administrator.

6.10 Calibration Pitot Tube. Same as
Method 2, section 2.7.

6.11 Wind Tunnel for Probe Calibration.
Wind tunnels used to calibrate velocity
probes must meet the following design speci-
fications.

6.11.1 Test section cross-sectional area.
The flowing gas stream shall be confined
within a circular, rectangular, or elliptical
duct. The cross-sectional area of the tunnel
must be large enough to ensure fully devel-
oped flow in the presence of both the calibra-
tion pitot tube and the tested probe. The
calibration site, or ‘‘test section,’’ of the
wind tunnel shall have a minimum diameter
of 30.5 cm (12 in.) for circular or elliptical
duct cross-sections or a minimum width of
30.5 cm (12 in.) on the shorter side for rectan-
gular cross-sections. Wind tunnels shall meet
the probe blockage provisions of this section
and the qualification requirements pre-
scribed in section 10.1. The projected area of
the portion of the probe head, shaft, and at-
tached devices inside the wind tunnel during
calibration shall represent no more than 4
percent of the cross-sectional area of the
tunnel. The projected area shall include the
combined area of the calibration pitot tube
and the tested probe if both probes are
placed simultaneously in the same cross-sec-
tional plane in the wind tunnel, or the larger
projected area of the two probes if they are
placed alternately in the wind tunnel.

6.11.2 Velocity range and stability. The
wind tunnel should be capable of maintain-
ing velocities between 6.1 m/sec and 30.5 m/
sec (20 ft/sec and 100 ft/sec). The wind tunnel
shall produce fully developed flow patterns
that are stable and parallel to the axis of the
duct in the test section.

6.11.3 Flow profile at the calibration loca-
tion. The wind tunnel shall provide axial
flow within the test section calibration loca-
tion (as defined in section 3.21). Yaw and
pitch angles in the calibration location shall
be within ±3° of 0°. The procedure for deter-
mining that this requirement has been met
is described in section 10.1.2.

6.11.4 Entry ports in the wind tunnel test
section.

6.11.4.1 Port for tested probe. A port shall
be constructed for the tested probe. This
port shall be located to allow the head of the
tested probe to be positioned within the wind
tunnel calibration location (as defined in
section 3.21). The tested probe shall be able
to be locked into the 0° pitch angle position.
To facilitate alignment of the probe during
calibration, the test section should include a
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